
Quadratic equation ( }?!!""#$%&’()!) ax2+bx+c=0 ’* solutions (+,) x =
2b± b 4ac

2a
Note : - . b2 –  4ac  <  0  "!* roots imaginary (’!/0 1’)#+!*23* ,42 ; . b2=4ac "!* roots equal +!*23*5
Sum of  roots  =  x1 +  x2 =  –b/a,  Product  of  roots  =  x1 x2 = c/a
Exercise : Solve : 10x2 –  27x  +  5  =  0    Ans. x  =  5/2,  x  =  1/5

Binomial Theorem ( 60..#07%*;)

(1 + x)n = 1 + nx + 
n(n 1)

2!
 x2 + 

n(n 1) (n 2)
3!

 x3 +  .....

if  x  <<< 1 [x,  1 $*#8+9"#:!*;!#+<] "!*   (1 + x)n  1 + nx

Trigonometry ( =’!*)! % ")

sin2  + cos2 = 1 sin  = 2 2

a

a b
 = 

1
cosec

1 + tan2  = sec2 cos  = 2 2

b

a b
 = 

1
sec

1 + cot2  = cosec2 tan  = 
a
b

 = 
sin
cos

 = 
1

cot

sin 2  = 2 sin  cos cos2  = cos2  – sin2 = 1 – 2 sin2 = 2cos2 – 1

 radian = 180°  1  rad  57°  &  1°  =  60'  ( %1;)  ;  90°  =  /2 rad.

sin (– ) = –sin  ;  cos (– ) = +cos tan (– ) = 
sin( )
cos( )  =

sin

cos
 = –tan

sin (A + B) = sin A cos B + cos A sin B cos (A + B) = cos A cos B – sin A sin B

sin (A – B) = sin A cos B – cos A sin B cos (A – B) = cos A cos B + sin A sin B

Electric current ( 4>9" /!!(!) is not a vector
[Although it has both magnitude and direction but it does not follow triangle rule of addition]

Addition of vectors ($ .?!!* 22# ’!  ;!*3)

R = R = A B = 2 2A B 2A.B  = 2 2A B 2ABcos R A B
B Bsin

Bcos

B

A

0 ()!!%& (Resultant) ’! A #’*#$!@!#’!*)! (Angle) tan  =
Bsin

A Bcos

0 ()!!%& (Resultant) ’! B ’*#$!@!#’!*)! (Angle) tan  =
Asin

B A cos

- . A = B "!* R = 2Acos /2   A$# B@! "#%*2 tan  = tan  = tan /2   [or  =  = /2]

2! 3!3!3!3!

1 $*#8+9"#:!*;!#+<] ++ "!*  (((1(1 +++ xxxx))))nnnn 1111 ++++ nnnnxxx

y ( ( ( = ==  ==  ’=’’==’’!’!!’’!!*’ *!’’!****)))!)!!))! !  !!   % %%  %% %  %%    " " ""  "")

= 1 ssssinininin == 2 22 22 22 2

aaaa

a ba ba ba b222 ====
1111

cocococosesesesec

ec2 cocococossss == 2 22

bbbb

a ba ba ba b2 === 
1111

ssses cccc

osec2 tatatatannn === 
aa
bbbb

==== 
sisisisinn
cossss

 = 
1111

cocococotttt

 cos cocococos2s2s2s2 ==  coooos2222 –––– sinnn2 = 1 – 2222 sisisisin222 = 2c2c2c2cooos2222 –––– 111

0°  1  radadadad  57°  &&&& 1111°°°° =  60000'  ((((    ((((((( %%%%1111;;        )) ;;;; 90909090°°°° ====; /2/2/2/2 rradadadad.

;  cos (–– )))) = +cccooosos taaaan n n n (– ) ) ) ==
sisisisin(n(n(n( )
cocccos(((( )  =

sin

cos
 =

n A cos B + cos A sin BBBB ccococos ((A(A(A + BBBB)))) = cos A cos B – sin A



Subtraction of vectors ( !"#$$% &&’ ($ ?$)$*$)

R A B A B( ) +,$- R = 2 2A B 2ABcos( )  = 2 2A B 2ABcos

 ;!" A = B .$% R = 2A sin
2
/ ’ !01$!.’2%& tan  = tan  =  cot

2
or

2 2

!( 3’ !"#$ (vector) ($% positive scalar (4$*$52(’6!"#$)  %’789$$’(:*%’;:’!"#$$’<,3’:,%73’;:=.8 magnitude >;!:2$9$)

?"@’A$+%7$B’AC % 3A ] / (3’!"#$$ A (3’!"#$$’2%&’,3’,$%73’A?!(magnitude, A ’(% magnitude ($’.3*’78*$’,CB

Negative scalar  %multiply (:*%’;: direction opposite ,$%’A$.3’,CB’AC % 4 A 4A / (3’!"#$$ A (3’!"#$$

(%’!<;:3.’A?!(’;!:2$9$ A (%’;!:2$9$’($ 4 78*$’,$%7$B

Dot (Scalar) product [!?="8  (6!"#$)) 789$*D@]

A.B ABcos E(’6!"#$ (a scalar)

+!"  x y z
ˆˆ ˆA A i A j A k  ,<& x y z

ˆˆ ˆB B i B j B k ’ .$% x x y y z zA.B A B + A B + A B

Cross (Vector) product [<AF ( !"#$) 789$*D@]

ˆA B ABsin n E(’ !"#$ (a vector)

n̂ unit vector perpendicular to both A and B ( A < B "$%*$%&’(%’@G?<.  ,($&(’ !"#$)

A B = x y z

x y z

ˆˆ ˆi j k
A A A

B B B
= i [AyBz –  ByAz] – j [AxBz–BxAz] + k [AxBy–BxAy]

A B = i (AyBz –  ByAz) + j (AzBx –  BzAx) + k (AxBy –  BxAy) ’ / ($% ;$"’ :H$%&B

A B = x (AyBz – ByAz) + y (AzBx – BzAx) + z (AxBy – BxAy)    / ($% ,% %’I$3 ;$"’:H$$’A$’ (.$’,CB

Ex. If A  =  2 i  –  3 j  +  4 k  and B  = –3 i  +  6 k  then calculate A B

Sol. A B = i [(–3)(6) –(0)(4)]+ j [(4) (–3)–(6)(2)]+ k [(2)(0)–(–3)(–3)]= –18 i –24 j –  9 k

Right hand thumb rule

A ×  B

BB

AA

;,@% vector A ( !"#$) (3’.:D fingers (6&78!@+$%&)

($%’:H$(:’"J :% vector B (3’.:D’K$%)% angle (3

!"#$$’2%& ?$82$*%’;: thumb (6&7JL%) (3 direction A B

(3 direction ,$%73B

Note : B A  = – A B
("$%*$% &&’(3 direction opposite ,$%73)

E(’6!"#$ (a scalar)

y z
ˆˆA j A ky zA jyy  ,<<<<&,, x y zy zy zy z

ˆˆ̂ ˆˆB BB BB BB B i Biii j Bj Bj Bj B kkx y zx y zy zy zBBBB iiii B jjjjx yx yyyyy ’ ....$$% x x y yy yy yy y zA.A.A B AB AB AB A BBBB + A Bx x yy + A Bz

r) productttt [[[<[[ AAAA<<<AAAAA<<AAAAFFAAFFFFFAAAAAAFAAAAFFFF (    !!!!    !!!!!  !!!!""""!!!!""""!!!!"""""!!!!!!!!""####""""######""#$$$$###$$$$$$$##$)))) 77778888778887879799$$$$9$$$$$99$****$$$$*****$$*DDDD****DDDDD**DDDD@@@@DDDD@@@@@DD@]]]]@@@@]

n̂ E(’    !!!!""""####$$$$ (a vvecececectotototor)r)r)r)

or pepepeperrrppppenenenendidididicucucuculllalar r r r totott bbbbototototh hhh AAAA ananannd d BBBB (((( AAAA <<<< BBBB """"$$$%%%%****$$$$%%%%&’’((((%%%’@@@@GGGG????<<<<....  ,,,,(((($&(’ ,,,,,,

y z

y z

ˆĵ k
A Ayy

B Byy

==== iiii [A[A[A[AyBz – BByyyyAzzzz] ]] – jjjj [A[A[A[AxxxxBBBBz–B–B–B–BxAAAAz]] ++ kkkk [A[A[A[AxxBBByy–BxxxxAAAAy]]

Bz – BByyyyAAAAzzzz)))) ++++ jjj (A(A(A(AzzzzBBBBx – BBBBzzzzAAAAx)))) ++++ kkk (A(A(A(AxBBBByyy ––– BBBBxxxxAAAAyyyy)))) ’ ////    ($% ;$ $"’ :H %;;

Bz – ByAz) + y (AzBBBBx –––– BBBzAAAAx))) ) ++++ zzzz (A(A(A(AxBBBBy –––– BBBBxAAAyyyy))))    ////    ($%($$ ,$ %,, %’I$3,,  ;3 $"’:H$$’A$;;



1 parsec
> 1 light year
> 1 AU

Plane angle 1 degree  =  60  minute  =  3600 second  =  2 /360 radian = 1/360 revolution

($$%",,#’!*)!) 1 radian = 57.3°, 1 revolution (1 QR’() = 360° 2  radian

Length 100 centimeter  =  1  metre  =  1000mm ;  1  inch  =  2.54  cm

(,L8!AS) 1 foot=30.48 cm, 1 mile (1 %&,)=1609 m, 1Å=10–10 m, 1 fermi=10–15 m

1 nautical mile (1 $%9T&#%&,)=1852 m, (Note : 1 knot=1.852 km/hr), 1 yard (1 3I)=3ft

1 light year (1 07’!?!#4U!S =#07’!?!  }!(! ,’#4U!S#%*2#Q,&#.O(&) = 9.46 × 1012 km

1 parsec (1 0!($*’)  =  3.26  light  year

1AU (astronomical unit) = 1.496 × 1011m  ~ 1.5 × 1011 m  =$O-S ,42# 0V@4&# ’*# 8&Q# ’&#.O(&
1 bohr radius = 0.529 Å, 1 mil = 10–3 inch,  1  nm = 10–9m,
1 m  =  10–6m,  1  mm  =  10–3m,  1  pm  =  10–12 m

Area (W!*=J,) 1 cm2 =  10–4 m2,  1  barn  =  10–28 m2, 1 hectare=104 m2 =  2.47  acres  (K’X+)
Speed (Q!,) 1 km /  hr  =  5/18 m/s,  1  mile/hr  =  0.45  m/s

Volume  (F!-"1) 1  m3 =  106 cm3 =  106 cc = 1000 litre = 35.31 ft3 (Y!1J&;)

Mass (TZ-%!1) 1 atomic  mass  unit  (a.m.u.)  =  1.66  ×  10–27 kg  =  1u
1 pound = 453.6 g, 1 ounce = 28.35 g
1  slug  =  14.6  kg,  1  ton  =  907.2  kg,  1  metric  ton  =  1000 kg
*Chandra shekhar limit  = 1.4 M

S
 where M

S
 = Mass of  sun

Force 105 dyne  =  1  newton  =  0.225 lb  (1  lb  =  4.45  N)

(8,)  1  gram-force  =  980 dyne,   1  kilogram force  (1kgf)  =  9.8  N

Acceleration HE4()!) g = 9.8 m/sec2 (MKS unit)  980 cm/sec2 (CGS unit) 32 feet/sec2 (FPS unit)

Pressure 1  atm  (1# 4!-9%)X,&; .!8)=1.013 × 106 dyne/cm2=1.013 × 105 N/m2

(.!8) = 1.013 × 105 pascal=76 cm Hg=760mm Hg   {  1pascal = 1newton/m2}
1 bar = 105 N/m2 = 106 dyne/cm2 ;  1  torr  =  1  mm  Hg

Density (?!1E4) 1 kg/m3 =  10–3 g/cm3

Time  H$%;) 1 day = 86,400 second, 1 year = 365
1
4

days = 3.16 × 107 second

Energy & Power 1 Btu  (British  thermal  unit)  =  1055 joule;  1  joule  =  107 erg  ,  1  cal  =  4.18  J
H[I!SS# "@!!!# ?! R" ) 1 eV =  1.6  ×  10–19 J,  1  horsepower  (hp)  =  746 watt

Electric charge 1 coulomb  2.998 × 109 statcoulombs (or esu) of charge ~ 3 × 109 stC

H 4>9""# F!4*?! )  0.1 abcoulomb (or emu of charge)
(Note : esu – electrostatic unit, emu – electromagnetic unit)

Electric current 1 ampere  2.998 × 109 statampere (or esu of current)

H 4>9" /!!(!)  0.1 abampere (or emu of current)

Electric potential 1 volt  3.336 × 10–3 statvolt  1  ×  108 abvolts

H 4>9""# 4N!4) 1 statvolt = 300 volts
Electric field 1 volt per meter  3.336 × 10–5 statvolt/cm  1 × 106 abvolt/cm

H 4>9" {! *=)
Magnetic field 1 T = 104 G,  1  Wb  =  108 maxwell, 1T=1 Wb/m2, 1G = 1 maxwell/cm2

HQ9L8’&;; {! *=)

1 cm  =  10 m ,  1  barn  =  10 m , 1 hectare=10 m  =  2.47

1 km /  hr  =  5/18888 mmmm/s/s/s/s,  1111 mimimimilelelele/h/h/h/hrrrr == 0.00 45454545 mmmm/s//

1  m3 =  106 ccccmmmm3333 ==== 111100006666 cccc ==== 10000000000 llllitiii ree == 33335.555 31111 ffft3 (Y!1J&;(( );;

1 atomic mmmmassssss unununu itititit ((((a.aaa mmmm.u.uuu )))) ==== 1.111 66666666 ×××× 11110000–27 kkgggg ==== 1uuuu
1 pound d d d === 454545453.3.3.3.6 6 6 6 g,g,g,g, 1111 ooooununununcccce = 22228.8.8.8.35353535 ggg
1 slug ==== 11114.4.4.4.6 kgkgkgkg,,,, 11 totototonnnn ==== 999907.7.7.7.2222 kgkgkgkg,,,, 1111 mmememetrtrtrtricicicic ttttonnnn ==== 111100000 0 kg
*Chanddddrarrr sssshehehehekhkhkhkharrr lllimimimimitititit == 1111.4.4.4.4 MMMM

SSSSSSSS
wwwwhehehh rrerere MMM

SSSSSSSS
==== MMMMass ofofofof sssunununun

101010105555 ddddynynynyneeee = 1111 nnnen wwtwtwtooonon ==== 0000.2.2.2225555 lbbbb (1(1(1(1  lbbbb == 44.4.4.45454545 NNNN))))

 1  grarararammmm-fofofoforcrcrcceee === 989898980000 dyyyynenenene,,,  1 kkkkililililogogogograaammmm fofofoforcrcceeee (1(1(1(1kgkgkgkgf)  = 9999 88.8.8 NNNN

) g = 9...8 88 mm/m/m/sseses ccc22 ((MKMKMKMKS SS unitttt) )))  98080800 ccccm/m/m/m/secccc2 ((((CGCGCGCGSSSS ununnnitititit)))) 323232 ffeet/se

1  atm  ((1(1(1# 444!-9%))XXXX,,,,&&&&; && ....!!!!888)=1.1.1.1.010101013333 × 10101066 ddddynynynyn //e/e/cmcmcmcm22=1.0.000111313 ×× 105 N

= 1.010101013 × × 101010105555 pppasasasa cacacacal=l=l=l=76767676 ccccmmm HgHgHgHg=7=7=7=760606060mmmmmmmm HHHHgggg   {{{  1pascal
1 bar r r r ==== 11010105 NNN/m/m/m/m2222 = 1100006666 ddddynynynyne/e/e//cmcmcmcm2222 ; 1111 ttttorrrrrrrr  = 1111 mmmmmmm Hg
1 kg/m/// 3 = 11110000–3333 gggg/c/c/c/cmmmm3333

1 day = 86,400 secccconononond,d,d 1111 yeaearr = 36363636555
1111
4444

dadadadayyyys = 3.16 × 107 sec



Relative Density or Specific Gravity  (F!0* W!’ ?!1E4 ;!# 4 ?!U;#39\E4)

= 
Density of substance

Density of water

( )
( )

0.!@!S#’! ?!1E4
0!1&#’! ?!1E4  = 

3

3
ML

ML
 =  M0L0T0 No dimension ( 4%!+&1)

Mechanical Equivalent of heat (]^U%!#’! ;!2 =’#"9/-!2’)

J = 
Mechanical Work done ( )

Heat produced ( )
-!2 =’#’!-S

]E0G1#[U%!

2 2

2 2

ML T

ML T
 =  M0L0T0 No dimension

Compressibility ($L0&X_-"!) =
1

Bulkmodulus =
1
K 1 2

1
ML T

 = M–1LTT2 [M–1LT2]

Avogadro Number HF!4!*3!.7!*#$2[;!) (N
A 

)= N
A
/mole [mol–1] or [ –1]

Gas Constant H3<$#  1-"!2’) R=
PV

T

1 2 3ML T L
mol

=ML2T–2 –1 mol–1 [ML2T–2 –1 mol–1]

Boltzmann's Constant  k =
R(GasConstant )

N(Avogadronumber)

2 2 1 1

1
ML T mol

mol
[ML2T–2 –1]

Vander Waal's Constants    
2

2

a
P V b RT

V

2

2
a

V (dimensionally )
 Pressure

a
2 1 2 23 5 2 2

2 2

PV ML T
L ML T mol

mol
[ML+5T–2mol–2]       and  b

3volume L
mol [L3 ]

Entropy (KG;‘!*0&)=
AmountofHeat( )

Temperature ( )
[U%!#’&#%!=!

"!0
ML T2 2

=ML2T–2 –1 [ML2T–2 –1]

L/R  or RC  Time constant of L–R/R–C circuit ($%;  1-"!2’)= dimension of time = T [T]

Power of Lens (,<2$#’&#?! a)  P = 
I
f

=
1

f metre =
100
f cm

1
L

= L–1 [L–1]

(Note :  for  lens P = 1/f and for mirrors P = – 1/f)

Magnification (F!4SD!1) {for  lens m=
v
u

 & for mirrors m = – 
v
u

} (No dimension)

Enthalpy (KG@!</0&)  H= U + PV = Total heat content   ML2T–2 [ML2T–2]
Cofficient of Viscosity (?-!1"!!#39)!!2’) : =  F/6 rv [ML–1T–1]

Use 
a b c

1 1 1
2 1

2 2 2

M L T
n n

M L T
 where M L Ta b c  is the dimensional formula of physical quantity

[  nu = constant $2[;!E%’#%!1 ×  %!=’ = %!1 =  1-"]

Ex. F MLT 2 +% ;+!C force ’& SI (MKS) "@!! CGS system %*2 value ’!* compare ’(*23*5
1 1 2 2

51 1 1
2 1

2 2 2

M L T 1kg 1metre 1sec 1000g 100cm
n CGS n MKS 1 10

M L T 1g 1cm 1sec 1g 1cm

t H3<$#  1-"!’) R= TTT mol
=ML2T–2 –1 mol–1

Constant  k =
R(R(R(R(GGaGaGasCsCsCCononononssssttatatannnnt )tttnnnnn

NN(N(N(AvAvAvAvogogogog dadrorororonnnnumbmbmbmbereee )))

2 2 12 22 22 2 1

1111
MLMLMLML T mTTT olololo2 2 12 22 22 2

mmmmol

2222 1

s Constaaaa tntntssss   RRRRTTTTPPPP
a222aaaa

PPPP
aa

PPPP 2222VVVV222P
VVVV2222VV

22

2222
aaaa

VVVV (di( mensionall
PPPPressure

1 2 2222 5 25 25 25 2 22222

22

MLMLMLML TTTT11111

MMMML TL TL TL T mmmm5 25 25 25 25555 ooool
mom l

1
2222

22 [M[M[M[MLLLL+5TTTT–2momomomolll–2–2–22]]     aaannndddd bb
vo

&)=&&
AmouuuuntntntntoofofofHHHeHeaaaat(( ))))

TeTeTeTemmmpm eratttturururureee e ( ))
[U[U[U[U%%!%!%! ’’’’&#%!%!!!=!=!== MLMLMLML TTTT2 2LL TTTTL

=MMMMLLLL22TTTT–2–22–2TTTTTT –1

 Time consssstatatatant ooooffff LLLL R–R–R–R/R/R/R/R–C–C–C–C cccciririrircucucucuitititit ((((LLLLL $$$$%%%%((((( ;;;; %%%%%     1111----""!!2’’’’)=)=)=)= ddddimenenenensisisisiononon of time = T’’’’’

s (,<2$#’&&&&#??!  a(( )aa PPPP == 
IIII
f

====
1111

f mf mf mf metetetetrere ====
01010000

f cmcmcmcm
1
LLL

==== LLLL–1111LL

ns P = 1/f and for mimimimirrrrrrrrorooo ssss PPPP = – 1/1/1/1/f)f)f)f)
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NEWTON MECHANICS

Basically five forces in Newton Mechanics  Field Force Acceleration Kinematics

Weight (??##7) : C-5;’%.5%6#’7) Due to gravity of Earth C$9QR25; <,)

Tension C(-#2) :

(Due to stretching)

Tension :"’B## :"&’ .#’&#’ > ! O7 :#’-# ;# :IA

Spring Force C F*D>$$%<,)

Thrust Force (Bouyant Force) (@RS,#2--%<,) Always in upward direction

[Magnitude = V g  where V=Volume of body,  = Density of medium].

NEEEEWTWTWTWTONONONO MMMMECECE HAHAHANINININICSCSCSCS

s in Newwwwtttonnnn MMMMecececechhahahanininin cscscscs FiFiFiFieleleleld ddd FoFoForcrcrcrce AcAcAcAccececeeleeerrationonnn KiKiKK nemat

: CCCC----5555;;;;’’’’%....5555%6666#’7777)))) DuDuDuDue e ee ttototo ggggrarararavvivivitytytyy of fff EaEaEaEartrtrthhhh CC$$$$9999QQQRRRR2225555;;; 55555 <<<<,,,,))

-#-##--#2#22##2) :

tching)

on :":""::""’"’’’’BBB##B################### ::::"":::""""""::::::""""""&"&&""&&’’’’&’’’’’’’’’’ ....###...###..##’.. ’’#..#’’’’&&#&&&&&###&####’& ’#’’’’’’’’ >’’ >>’’ >>>’ !!!! OOO!! OOOOOO!!!!!!!! OOOOOOO!!!!7777!!!!77OO!!7777 ::::####::#####::::##’’: ’###::::##’’’’’’’’’’’----####-----####----######----# ;;;;####;;;;#####    ####   ##    ::    ::::    ::::        :IIII::::IIIII::IIIAAAA



Ab Rel refx x x  where  x r, v, a, , p

 Relative quantity = Actual quantity–Reference quantity          Actual Re f Re lative

relative actualx & x  0&.#’ describe% ./#%0#%7:#%:+A            referencex  0&.’ respect%"’> describe  ./#%0#%7:#%:+A

relative actual referenceX X X= actualX referenceX relativeX= +

Ex. AB A B A B ABv v v v v v

Field  Force a v s  (or r )
          (Boss of force) (Source of physics)

x–direction Fx ax vx x 
y–direction Fy ay vy y 
z–direction Fz az vz z

In space x y z
ˆˆ ˆF F i F j F k In x–y plane    F F i F jx y

In space a a i a j a kx y z In x–y plane    a a i a jx y

In space v v i v j v kx y z In x–y plane    v v i v jx y

In space r xi yj zk In x–y plane    ˆ ˆr xi yj

Ex. If  x=uxt + 
1
2

axt
2 ; y=uyt + 

1
2

ayt
2 ; z=uzt + 

1
2

azt
2  then 21ˆˆ ˆr xi yj zk ut at

2

Ex. The coordinates of a particle moving in YZ plane are given by y=4cos6t and z=6 sin6t. Find :
(i) The equation of the path  (ii) Velocity  (iii) Acceleration (iv) The relation between a  and r

Sol. (i) 
2 2y z

y 4cos6t & z=6sin6t 1
16 36

 (equation of ellipse)

(ii) 
ˆˆd yj zkdr dy dz ˆˆv j k

dt dt dt dt
= ˆˆ24sin6t j 36cos6t k

(iii) 
dv ˆˆa 144cos6t j 216sin6t k
dt

(iv) ˆ ˆˆ ˆa 144cos6t j 216sin6t k  = 36 4cos6t j+6sin6t k 36r a 36r

al referenceXal actctctualXXX refrefrefereereerencncnceeXXX rrrelativii eXXX= +

A B ABBvvvvv vv vA BAA

 Fororororcceeee aaaa vvvv s
rce) (((SoSoSoSoururururcececece oooof ff pphphphyssssicicicics)s)s)s

–directionnn n FFFFxxxx aaaax vvvx x 
–direction n Fy ay vvvvyyyy y
–direction FFFFz azzzz vz z

ce zzx y zx y
ˆˆ ˆˆ ˆˆ ˆˆF FFFF i FFF jxxxx yy F kF kF kF kzzFFFF i Fi Fi FF jjjjxxx yyyy InInInIn xx–y–yyy pppplalalal neeee  F FF FF FF F i F jx yF i FF i FFFFF iiF iF

ce a a i a j a ka ka ka kx y zzzzj a InInInIn xxxx–y–y–y–y ppppllalalanenen    a a i a jx yi ai aa ia ii
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Nature of slope(S)

;   ; 

Variation of slope(S)

slope
increasing

y

x

45° 45°

slo
pe

=1
slope=0

slope=
1

Relation  Function [y=f(x)]  Graph .# [#5>;-# % !"#$%"’> Slope (dy/dx) 6#-#  physical quantity%&’
 ",-#

In Kinematics

In Mechanics

If on X-axis & on Y-axis Then Slope Formula f i
av

X X
X

time

Time (&";) 
Displacement 

( 2F)##*-) Velocity (2’$) ds
v

dt
f i

av
s s

v
time

Time (&";) Velocity (2’$)
Acceleration 

(R27T#)
dv

a
dt

f i
av

v v
a

time

Time (&";) Momentum (&>2’$) Force (<,) dp
F

dt
f i

av
p p

F
time

Time (&";)
Energy (U0#K)

Work (.#/K)

Power (B# E()

Power (B# E()

dE
P

dt
dWP
dt

av
E

P
time

av
WP

time

Time (&";)
Angular Momentum

(.#’T#5; &>2’$) Torque (<,#V#OT#K) dJ
dt

j i
av

J J
time

454545°4444

=1
slope=0

oloslopepepe=
1

=
1

=
1

=
1

=
1
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dv
a

dt
dp

F
dt

v adt x vdt I p Fdt

Ex. 1 Ex. 2 

Ex. 3 Ex. 4 Ex. 5

t

t

Upward Vertical Projectile Motion (1–D)

tH = 
u
g

u
a

H
2u

T 2t

2 uu
H

Motion under gravity (MUG)

GL T

2v
g

2w
g

Time of journey or total time of flight
T  =  t1 +  t4 =  t2 +  t3

t

ttt

cal Projojojojececee tititilelelele MMMMototototiioii n (1(1(1(1–D–D–D–D))))

u
a
2



Projectile Motion (2–D)

H
u usin

t
a g  = 

ucos
g

T t
u

a
u
gH2

2 2 sin
= 

2ucos
g

H
u
a

u
g

2 2 2

2 2
sin

 = 
2 2u cos

2g

* R =  (u  cos )T  =  u|| × 
2u
a  =  ux × 

y

y

2u

a =
2u u

g
x y

Maximum Range ( !"#$%&’()#*)  ux =  uy  or  = 45°
2

max

u
R

g

Max. range *+,- acceleration vector $. line ,-/ Range $0’1.2 angle $# bisector 3 45$) ()’6#0%.’6,7
8$*&#9’2#: (speed)’*0’;0/$0’<=0’ +#0 projectiles $. Range *&#9’6#0<. ;!+’>9$0 projection angle 8$’+?*)0
$0 complementary 6#0’ @##5%A ,$ ’%#0’+?*)# 90°– ’6#0%#’6,7 Angle 45°+ 8-/ 45°– ’() horizontal range
same 6#0%.’6,7

Projectile motion on inclined plane (2–D) - Up motion

H
usinu

t
a gcos ; H

2u 2u sin
T 2t

a gcos ;
2 22 u sinu

H
2a 2gcos

* OA = Range on inclined plane

Here OB =OAcos  = (ucos )T
gsin

ucos

(ucos T

Inclined p lane $#0
:0B#’$)
$)#0  horizo ntal 

=
0

////////////////////////////////////////////////////////////////////////////////////// ground
t=T

2

2

u cos T 2u cos sin
OA

cos gcos

For maximum Range 
4 2

, 
2

max

u
R

g 1 sin

Projectile motion on inclined plane (2-D) - Down motion ( $. C<6 – )D#0 /)

tH = 
u u sin
a gcos

T  =  2tH = 
2u 2usin
a gcos

2 2 2u u sin
H

2a 2gcos
OA = Range on inclined plane

 R'
2

2
II II 2

1 2u cos sin
u T g T

2 gcos

or 
ucos uT

Rcos ucos T R T if =0 R=
cos cos

For maximum range 
4 2

, 
2

min

u
R

g 1 sin

Special Note : Incline plane ()’E()’$.’%); motion $0’*F#.’*?G#0/ (formulae) &0/ $.’C<6 )D#90’()’9.20
$.’%); motion $0’*F#.’*?= (H#I%’6#0’C#%0’ 6,/7

ementary 6#  @##5%A ,A $, ’%#0’+?*??? )#)#)#)# 90909090°– 6666#0#0#0#0%#%% ’6,7 Angle 45°+ 8- 45°– 
%.’6,7
tion on inclineeeedddd plplplplananananeeee (2(2(2(2–DDDD) ) )) - UpUpUpUp mmmmottioioioionnnn

cos ; HHHH
2u2u2u2u 222u2u sisiiinn

T 2T 2T 2T 2tttt
a ggcoooossssHHHH2222tttt ;;

2 22222 u su su su sinininin2uuuu
HHHH

2a2a2a2a 2g2g2g2gccccosososo

on inclininnnedd d d plplplplananananeeee

cosososs === ((((ucucucucosososos )T)T)T)T
gggsi

uuucooos

(ucos T(ucos T

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

2222

2222

T 2222u cccoooso2222

gcgcgcgcoso

sssisinnn

Range 
4 24 24 24 24

,,
2

maxaxaxa

uuu
RRRR

gggg 1

otion onnnn iiiincliinenenened ddd plplplplanananane eee (2(2(2(2-D-D-D-D)))) - DoDoDoDownwnwnwn mmmmototototioioioion n n n ( $$$$.$..$$. C<C<<CC 6<66<<6 – )

in
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Ex. A football is kicked with a velocity of 20m/s at an angle of 45° with the horizontal. [g = 10 m/s2]

(I.%P 9[<#, {#+ (0%&’ 45° .#’T#%.’%&#)# 20 m/s .’%2’$%&’%@W#,5%0#(5%:+A)

(a) Find the time taken by the football to strike the ground.

(P 9[<#,%.#’%0"5-%(.%*:9J;-’%"’>%,$#%&"; 8#(%.5 0,)

(b) Find the maximum height it reaches. (=&.5%6 Y#.("%U J;#=K%8#(%.5 0,)

(c) How far away from the kick does it hit the ground ?

C@W#,-’%&’% .(-5%! O75%*7 ;:%0"5-%.#’%F*B#K%.7’$5)

Sol. (a) We have ux = ucos  = 20× cos45° = 10 2 m s/

uy = usin  = 20× sin45° = 10 2m s/

Here ax = 0 and    ay = –g

When the football reaches the ground y = 0

(0<%P 9[<#,%0"5-%*7%*:9J;(5%:+A)

y = uyt – 
1
2

gt2 0 = 10 2 t –
1
2

× 10× t2 t = 2 2  = 2.8 sec

[Direct T = 
2u

g
sin

 = 
2 20 1

10 2
 = 2.8 sec]

(b) At maximum height vertical component of velocity becomes zero.

(6 Y#.("%U J;#=K%*7%2’$%.#%UY2#KY#7 ?#[.%B# O]; :#’$#)

vy
2  = uy

2– 2gy 0 = ( )10 2 2 – 2× 10× y y = H = 
100 2

20
 = 10 m

[Direct H = 
2 2u sin

2g
= 

20 20 1

2 10 2 2( )
=10m]

(c) Horizontal distance (^#+ (0%! O75 ) [RangeC*7#&)] : x = R = uxT= 10 2 × 2 2  = 40m

[Direct R =
u

g

2 2sin
=

20 20
10

= 40 m]

Ex. Two graphs of same projectile motion projected from origin at t = 0 are shown. Find u
x
 & u

y
 (Take g=10 m/s2)

Ans. Here 
u

g
y

 = 
1
2

 & 
R
2

 = 2 = 
x yu u

g
Therefore u

y
 =  5ms–1 & u

x
 = 4ms–1

football reaches the ground yyyy = 0000

,%0"5-%*7%*:9J;(5%:+A))))

1
2

gt2 0 = 2 t2 t2 t2 t111010 –
1111
2222

× ×××10101010× ×××ttt2222 tttt ==== 2 22 22 22 2 == 2.888 ssssecececec

= 
2u

g
sin

=== 
2 22 222 0 10 10 10 1

10101010 2222
==== 2222 88.8.8 sssecececec]]]]c
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2gy 0 ==== ( )( )( )( )2222 –– 2×2×××11110×0×0×0×yy y y y y ==== HHHH =
101010100 20 20 20 2

20202020
==== 111100 0 0 m

= 
2 222u sinnn2

2g
= 

20202020 20202020 1111

2 11110000 2222( )( )( ))2222
=1=1=110m0m0m0m]]]mmm

l distance (^#+ (0 !75 ) [RangeCCCC****7777####&&&&))))]]]] :: xxxx = RRRR = u T= 10 2 × 2 2 = 4



Ex. Two projectiles  A and B are projected simultaneously in a

vertical plane as shown in figure. Write down necessary

conditions for collision to take place.

Sol. For relative motion along horizontal (u
1
cos

1
 + u

2
cos

2
) t = d

For relative motion along vertical (u
1
sin

1
 – u

2
sin

2
)  t  = H

2
–H

1

OR

Relative velocity must be along AB 1 1 2 2 2 1

1 1 2 2

u sin u sin H H
i.e. 

u cos u cos d

Case I :

Wire-cage (open cage) :  !"#$!#%&!#’()*"! [Air of cage is not bound with the cage]

*% bird (parrot)  +,- . (Flies away) /0]  !1 spring balance $. reading decrease /!12.3
Note : Bird *%#+,-&!#( 4!"56!#$" .#/0]  !1 ,$ {!7! (for a moment) reading increase /!1 .#/03
89 case :1) bird ;!/1# ’$9.# 6!.#  "/# +,-1 reading decrease /!12.3

Case II :

Air tight cage : [Air of cage is bound with the cage]

*% bird constant velocity 91#+,- .#/0# !1 spring balance $. reading :1)#$!18<#(’"= <&
&/. )# /!12!3
*% bird >("#$.#?!1"#$ @A  acceleration 91#+,-&! start $" .#/0# !1 reading increase

/!12. (;!#$/1# ’$# ’( )*"!# 6!!".#B212!)

 Not a real force

 Exist only in non-inertial frame (Accelerated frames or rotating frames)

Inertial frame C*,-D=.;  E=)  Frames at rest or moving with uniform velocity

Non-Inertial frame C?*,-D=.;  E=)  All the three Newton's laws are not valid.

*Rotating frames :1) centrifugal force C?($1EF4.; %B) B2 !#/0#*!1#’$ Pseudo force /03 Pseudo force $1=B#?!0"#$1=B
observer ?G!!< H reference frame $1  acceleration ("#’&6!<"#$" !#/03 ;’F inertial frame /0   !1 pseudo force &/.)#B212!3

1. A refrence frame attached to the earth :

(a) Is an inertial frame.

(b) Cannot be an inertial frame because the earth is revolving around the sun.

(c) Cannot be an inertial frame because the earth is rotating about its axis.

(d) Is an inertial frame because newton's laws are applicable in this frame.

pen cage) :  !"#$$$$!!!!#%%%&&&!!!!##’’’’(((()****""""!!!! [A[A[A[Air oooof cacacacagegegg iiiissss nonononot t bobooounuuu d with the cag

t)  +,- . (Fliessss aawawawaway)y)y)y) ////0000]]]]     !!!!1111 sssspririiingngngng bbbbalallanananancececec  $$$$.... readadadadinininingggg dedededeccrcrcreasesesee /!12.
%#+,-&!#( 4!"""5555666!!!!#$$$$""""    ....#////0]     !!!!1111 ,,,,!!!! $$$$,,   {{{{$$$$ !!!!7777!!!!{{{{{{{{ (f(f(f(forrr aaaa mmmmomomomo enenennt)t)t)t) rrrreeeadddidingngngng iiiincncncn rease /!1
;!/1# ’$9999....# 6666!!!!....##  "//#++++,,,,---1111 rrerereadadadinng g g g dedededecrcrcrcreaeaeaeasesss  ////!!!11112222.33

e : [[[[AiAiAiAir r ofofofof ccccagagagage e isisisis boououounnndnd wwwwitititithh h h ttthe cacacacagegegege]]]]

constantt t t veveveveloooocitttty 9999111#+++,,,,-    ..#////0# !11 ssssprrrring bbbbalalalalaaanancccece $$$$.... readadddinininingggg ::::111)#$$!111188<#((((’’’’""""====    <<<<&&&
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2. A particle of mass m is observed from an inertial frame of reference and is found to move in a circle of radius
r with a uniform speed v. The centrifugal force on it is :-

(a) 
mv

r

2

 towards the centre (b) 
mv

r

2

 away from the centre

(c) 
mv

r

2

 along the tangent through the particle (d) Zero

3. A particle of mass m rotates in a circle of radius a with a uniform angular speed . It is viewed from a frame
rotating  with a uniform angular speed 0. The centrifugal force on the particle is:-

(a) m a2 (b) m a0
2 (c) 

2
0m a

2
(d) m a0

4. A particle of mass m rotates in a circle of radius a with a uniform angular speed . It is viewed from a frame
rotating  with a uniform angular speed . The centrifugal force on the particle is

(a) m a2 (b) m a0
2 (c) 

2
0m a

2
(d) m a0

Answers : 1. b,c 2. d          3. b 4. a                

T1
T2   Spring balance .#%*#_H/#>. (reading) =

2 1 2

1 2

T T
T T

F
HG

I
KJ

1
g

           (-#’[ %  =&.5 reading C .,#’$D#"X?##7) (kg–wt/kg-f) "’>%6#(5% :+)

Ex.

T1 T2

50kg 50kg

Reading = 50 kg–wt = R  T =T = 50 × g1 2

Ex.   

 Reading = 15 kg–wt = R1

Reading = 15 kg–wt = R2

1

2

15kg

Ex. 

R = 20 kg–wt

10kg 10kg

 Ex.

2T
g

4 1 2

1 2

m m

m m
R = =

m1

m2

 Ex. 

R =101 R =102

20kg

Answers : 1. b,c 22.2. ddd         3. b 4. a    c 2. d          3. b

T222  SSSSprprprpriiiing babababalaaaancncncceeee ....#%****###____HHHH////####>>>>....______ (readingngngg)))) ==
2 1

1

T T1

T T1

F
HHHHG
FF
HHHHHHH

            (((----#’[[ %%  ===&&&&.5== rererereadadadadinnnng gg CCCC    ....,,,,###’’$$D###""""XXX?##7) ))) (k(k(k(kg–g–g–g– twtwtwt/k/k/k/kgg77

TTT222

50kgkgkg

g–wt = R  T =T = 50 × g=T=T

ExExxx....   

 Readin

Read

111

2



Ex.

a(acceleration)

R=
4 1 2

1 2

m m
m m

( )g a
g

kg-wt

m1 m2

Ex.   

a(acceleration)

4 1 2

1 2

m m
m m

( )g a

g
kg-wtR=

m1

m2

Ex. Given Reading of S
1
 =  90  kg

Reading  of  S
2
 =  30  kg  (g  =  10  m/s2)

If the mass is stationary w.r.t. lift then determine the mass of block.

Sol. 90 = 
m g a

g
( )

+ 30  m  =  30  kg

Ex.   If  x
1
, x

2
 & x

3
 be the extensions in the spring in shown cases.

Write down mathematicsl relation between x
1
,  x

2
 & x

3
.

Ans.
x1

2
 = 

5
12

2x
 = 

3
4

3x

k

2kg 2kg

(A)

////////

k

3kg 2kg

(B)

////////

k

1kg 2kg

(C)

////////

Hint : In  (A)  T  =  kx
1
=2g  ;   In  (B)  :  T  =kx

2
 =3g  –3  ×

g
5

= 
12
5

g;

In  (C)  T  =  kx
3
 =  2g  –  2  ×  

g
3

 = 
4
3

g

Ex : I. Monkey (10 kg) 2m/sec2 .’%R27T#%&’ rope *7%@*7%;<+ 7:#%:+%0< .%!O&7#   

2 m/sec
(uniform 
acceleration)

2

2 m/sec
(uniform 
velocity)

A

C

B

D

10kg

8kg

<]!7 (8kg) uniform velocity 2m/sec. &’%-5;’%@(7%7:#%:+A Fixed support

*7 tension E/#%:#’$5A [7F&5%.# mass~0] [g=10ms–2]

Sol. 8 kg. 2#,’ Monkey .’% ,, FBD

 T
1
 =  8g

T1

T2

8g

10g

T1
2m/sec2

10 kg 2#,’ Monkey .’% ,, FBD

T
2
 –  10g  –  T

1
 = 10 × 2 ( )F ma

T
2
 = 18 g + 20 = 200N

Note : =&"’> (rope "’>) part AB "’> tension T
2
, Part BC "’> tension  T

1
()## part CD "’> tension zero :#’$5A

is stationary w.r.t. lift then determine the mass of block.

90 = 
m g

g
( )g a

+++ 3+ 30000 mmmm ====  30000 kgkgkgkg

be ththththe e e exexexextetetetennnsnsiiiionsnsnsns in thhththe spspspsprirrr nngngng in n nn shshshhowowowown cacacc ssses s.s.s.s.
athehh maaaatitititicscscsc llll rerereelalall titititionononon bbbbettttweweww eeeen x

1111
,  x

2
&&&& xx

3
..

3
4

3x

kkk

222kg 2kg

(A)

///////////////////////////////

k

3k

//

kx
1
=2g  ;  IIIIn  (B(B(B(B)))) :::: TTTT =k=k=kkxxxx

222
====3g3g3g3g ––––3333 ××××

gggg
5555

=
12121212
55

g;g;g;g;

kx
3
 =  2g  –  2  ×  

ggg
3

 =  
4444
333

gggg

0 k ) 2 / 2 .’ R27T# &’# *7 @*7 ;<;; 7:# :+ 0< . !&7#



Ex. For given situation, determine the force with which the rope is pulled 

Weight of person = w
Weight of chair = W

T
TT

2T a

 !"#$%&" ’()*’+",-" ’., /(0!",*- [*!123-"4-1" ’,+3*"5.".6*3*"789-6*:

Sol. (Chair + Person) ,* system

.-3-"7/";3,* FBD

2T
T

w
W

a

3T –  w  –  W = 
w W

g
F
HG

I
KJ a  T =

( )( )w W g a
g3

Ex. ’ <-"6<- system 4-1 steady state 4-1- system",*

acceleration =*+",!’>?: {g  =  10  ms2}

Sol. 23g 2g (2g) 5g 0.5 2g 4g 40
a ms

3 2 2 7 7 7

2kg

A
=0.5

2kg

3kg

B

CNote : <#*@ spring force internal force ,!"+/# behave ,/-6*:

Method I : Method of constraint equations ( xi = constant)

’>+3! moving bodies #*-6!" ;+3-" #! x1,  x2,..." #*-16-:

’>+3! strings #*-6!" ;+3!"#! constraint equations 53-6!:

Ex.1 <’ " A.*B,*-1-",- acceleration a1 ?C1 a2" #D" +*-" %3,-"5!2 relation" =*+",!’>?:   

1 2a1 a2

x2x1
Sol. Here x1 +  x2 +  x2 = constant

%0,*- time ,-"0*)* differentiate ,/3-" 7/ 1 2x 2 x 0

%0,*- ,,"5*/"E*D/ time ,-"0*)* differentiate ,/3-" 7/ 1 2x 2x 0

But 1 1x a  and 2 2x a  Therefore a1–2a2 = 0  a1 = 2a2

Ex.2 If block A is moving with uniform velocity vA upwards then find out

velocity of block B.

Sol. For  string  (1)  :  2xA + d–xP= 1 A P2x x 0

For string (2) xP +  xP–xB= 2 P B2 x x 0 A B4x x 0       xP

B
xB

2

1

A

xA

But A Ax v  so B Ax 4v

Therefore velocity of block B will be 4vA down the incline plane.

ms
2 7 7 7777

ng force internalalalal ffffororoo cececece ,,,,!!!!"+////#### bebebebehahhh veveveve ,,,,//----6666****::::

of consstststrararaainininintttt eqeqequauauaatitititionononons ( xxxxi ==== ccccononononststss anananant)t)tt

bodidididieseseses ####****----6666!!!!" ;;;;++++3333----" ####!!!!***** xxxx1111,  xxx2,....." ####***--16666----:

*-6!" ;+3!!!!"####!!!! ccococonnnnstrtrtrtraiaiiintntntnt eeeqqqquatioooonsnsnss 53333----6666!!!!:

ccelerationnnn aaaa1 ?C1 aa2222"" ####D" ++++****---" %3,,,,-"5555!!!!2222 relaaaatitititionononon" ====****++++",,,,!!!!’’’’>>>>????:    

x1
+ x2 = constantttt

0*)* differentiate ,/3-" 7/ x 222 x 00001 22222 xxx2222



Method II : Method of virtual work

(The sum of scalar products of forces applied by connecting links of constant length and displacement

of corresponding contact points equal to zero.     i i i i iF r 0 F v 0 F a 0

Ex.1 Ex. 2 

i iF a 0 2Taa2– Ta1 = 0 a1=2a2 i iF v 0  (4T)vA–TvB =  0   vB=4vA

Rough surface [&<&’%*:,’%!’N##’%  . surface rough :+ ;# smooth]

Check
f

f
r

r

0

0

Limiting
Static fricton 
force

Kinetic 
frictional force

Fapplied

Fr
ic

tio
na

lf
or

ce

Nature of friction

Direction of f
r 
[f

r
 = frictional force]

Draw FBD

Ex . FappliedMfr f
r s

Mg       / ! F
applied s

 Mg (#’%.#’=K motion -:5>%:#’$#A

Ex .  !,, $/’ system .’’% ,,, F .5 value E/##%:#’$55% . motion start :#’’%0#IA

F

M     

Fsin
F
Fcos

F
M

N

fr

Mg

2Taa2– Ta1 = 0 aaa1=2222aaaa2222 iiii iF vFFF 0000iii ivi  (4T)vAv –TvA B

[&<&’%*::::,,,,’’’’%!!!!’’NNNN########’’’’%[[     .... susurrrrfacacacce roooouguguggh ::::++++ ;;;;:::: ####;;;;; smsmsmsmoooooothththth]]]]

0

0

Limit
Static fr
force

Fr
ic

tio
na

lf
orrr

ccceee

on



Note :- Mass M .# FBD <-#-’%.’% ,, @&.#’%@&.’ surrounding &’%6,$ (isolate) .7-#%*L M(#%:+A Earth surface
&’%6,$%.7-’%*7 N (Normal reaction) @&%*7%,$#-#%*L M ’$#A%@&.#’%7F&5 (rope) &’ isolate .7-’%.’% ,, rope .’ tension
.#’ consider .7-#%*L M ’$#%0#’%  . F .’ equal :+A Pulley .#’%(#’ mass M &’ attached "#-#%0#%&.(#%:+A

N + Fsin  = Mg ; F
r
 = F + Fcos  = F(1 + cos )

Motion start .7-’%.’% ,,  F
r
 = µN 6(% F(1 + cos ) = µ(Mg – Fsin )  F =

Mg
1+cos + sin

Ex. Body pulled up along a rough inclined plane surface

(I.%2F(9 :{#%-(%&"(,%&(:%*7%U*7 [#5>;5%0#(5%:+A)

Normal reaction N = mgcos mgsin
N

mgcos

N F

F
min

 = mgsin  + µmgcos

(Minimum force .5 condition "’> speed constant%7:’$5)

Ex. Body pulled down along a rough inclined plane surface
N

mgcosmgsin

Nm
(2F(9 :{#%-(X&"(,%&(:%*7%-5;’ [#5>;5%0#(5%:+A)

F
min

 = µmgcos  – mgsin

(constant velocity &’ block .#’%-5;’ [#5>;-’%.’%  ,, F
min

&’ [#5>;-#%:#’$#)

Ex. Block .#’ pull .7-’ .’  ,, minimum force  .(-# ;# :IA ( ;= !’N#’ >)    F

m
=&.# FBD Fsin

N

Fcos

mg

N

N = mg –  Fsin

Fcos  = µ(mg – Fsin )

F = 
mg

cos sin

=&.’% ,/’ (cos  + µsin ) maximum :#’-#%; :/’A  =&.5 maximum value 21 %:#’(5%:+A%6(% F
min

 = 2

mg

1
Ex. Find the maximum value of F so that both move together.

(There is no relative motion b/w A & B)

Sol. asystem ( Acceleration of m + M) = 
F

m M
A

B

mg = m asystem 
F

m
m M

F m M gmax b g

Ex. Find the maximum value of F so that both move together.

Sol.  Here N2 = mg

system
F mg

a
m M M

max
m

F mg 1
M

mgsin
"(,%&(:%*7%-5;’ [; #5>;5%00###((((5555%::::+AAAA[[ ))))

F
min

 = µmgmgmgmgcococc sss –––– mmmmgsgsgsinininin

ity &’ block ....####’’’’%---5555;;;;’’’’ [[[[;;;; ####5555>;;;;---’’’’%....’’’’%     ,,,,[[[[ ,,,, ,,,,, FFFF
min

&&&&’’’’ [[[[&&&& ####5555>>>;;;;--#%:#’$$$$####[[[[[[ ))))####

l .7.77..77-7--77-’-’’’’ .’.’’’’     ,,,   ,,,,    ,,,,,,        ,,,,,,,,,,,,,,,,,,,,,,,,, mimimimininininimumumumum m m m fofofoforrrce     ....    .....  . ((((....(((((..(----((((-----(((( ##--##--## ;;;;###;;;##;;   #   ##   :::: ::::  :::::    :IIII::::IIIIII::IIIIIAAAA ((((    ; ;;;  ;====;====;;=== !!!!’!!!’’’’’’NNNN####NNNN########NN#’N ’#NN ’’’’ >’ >’’ >’)    

Fsisisinnn
N

FcoFcoFcosss

mgmgmg

N

NNNN === mmmmg –  FFsisisisinnnn

FcFFF os ==== µµµµ(m(m(m(mg – FsFsFsFsinininin ))))

F FFF ===
mgmgmgmg

cocococossss ssinnnn

+ µsin ) mamamamaxxxximum ::::####’’’----####%;;;;    ::::/’’’’A  ====&&&&....5555 maaaaxixixiximumumumum m m m vavavavalulululue eee 21111 %:#’(5%:+

mum vvavavallululue e e ofofofo FFF sssso o o o tthatttt bbbbototototh h hh momomomoveveveve ttttoooogetetetethehehh r.
relative motionnnn bbbb/w/w/ww AAAA &&&& B))))

ation of m + M) =
FF

M
A



Two and Three Blocks
Problem in Friction

Decide 
direction 
of friction 

forces

• The block on which a net force is applied to pull or 
push, friction on both of its surfaces direction 
opposite to the force.

• Friction between two surfaces in contact makes 
action reaction pair, these forces act in opposite 
direction with equal magnitude.

STEP

1

Decide range of 
friction forces 

between each pair of 
surfaces in contact.

Sequence

of

Slipping

• If coefficients of static and kinetic friction are 
different 

f   N f  =  N

• If coefficients of static and kinetic friction are 
same f   N

S S k k<

<

• If friction is zero anywhere below the block on which 
force is applied, slipping first starts there.

• Out of the blocks (accelerating due to friction forces 
only) which has least maximum possible acceleration 
start slipping next. It starts slipping with respect to that 
block which has next higher maximum possible 
acceleration.

STEP

STEP

STEP

2

4

3
Decide maximum possible acceleration 

each of those blocks, which accelerate 

only due to friction.

Ex. Block B is pulled horizontally by a force F, which increases gradually.     

(i) Find maximum friction between each pair of surface.

(ii) Decide sequence of sliding between various surfaces in contact.

Also calcualte minimum value of F for that.

(iii) Express accelerations of various block as function of F.

(iv) Draw a-t  graph  if  F=10t  where  t  is  time  in  second.  (g=10 ms–2)

• I• I• Ifff frfrfrictiiiononon iiis zzzeeerororo anynynywhwhwhererere bbebelow th
fofoforcrcrceee isisis aaappppppllliededed,, slslsliiipppp inining g g fififirsrssttt starts th

• OOOutuu ooof f f thththe bbblololockckcksss (a(a(accccccellerererating due 
onononlyyy))) whwhwhicicich hahahasss leleleasasast mmmaximum poss
stststarara t t slslslipipippipipingngng nnneeexxxt. ItItIt starts slipping w
blbllockkk wwhichchc hhhaaas next higher ma
accellleration

Sequenenenccec

ofofof

Slipping

f f
ween each pair of 
rfaces in contact.t.t.

fff N f  = N

• I• I• If ff cococoefefeffifificicicienenentststs offf stss atic and kinetic
saaamememe fff NNN

S k<

<<<

    N f =S kSN f  =

  

DDeD cididide e e mamamaxixiximmmum popopossssssibibiblelele aaaccccccelele eeeratatatioioionnn

eaeaachchch oof f f thththoooseee bbblooocksksks, whwhwhicicich hh acccceleleleraaatetete 

onnnlylyly dddue to o frfrfriicictititiooon.



Sol. (i) f1 max = (0.1) (20g) = 20N

 f2 max = (0.2) (50g) = 100 N

f3 max = (0.1) (90g) = 90N

(ii) Block A and C moves due to frictional forces.

aA max = 
21 max

A

f 20
1ms

m 20    &     
22 max

C max
C

f 100 90 1
a ms

m 40 4

As aC max <  aA max  so slipping between B & C starts before slipping between A & B.
Also as f2 max >  f3 max so slipping starts first between ground and C.

Calculation of Fmin
• Between ground and C :  Fmin = 90N

• Between  B  and  C :  minF 100
20 30

 = min

100 90
F 112.5N

40

• Between  A and  B  :  min

20 F 20 100
F 150N

20 30

(iii) For 0 F 90N A B Ca a a 0

For 90 F 112.5N A B C

F 90
a a a

90

For 112.5 F 150N
2

A B C

F 100 100 90 1
a a ,a ms

50 40 4

For F 150N
2 2

A B C

F 120 1
a 1ms ,a ,a ms

30 4

(iv) For 0 t 9s A B Ca a a 0 aB

aA

aC

a
=a

A

B

a(
m

s
)2

1

1/4

a =a =a =0A B C a =a =a

A

B

C

t(s)
0 9 11.25 15

For 9 t 11.25s A B C

t
a a a 1

9

For 11.25s t 15s
2

A B C

t 1
a a 2, a ms

5 4

For t 15s
2 2

A B C

t 1
a 1ms , a 4,a ms

3 4

on of Fmin
en ground and C :  FFFFmin === 99990N0N0N0N

en B and CCCC ::::   miniF 1F 1F 1F 100000000min

20202020 30303030
==== minminminmin

101010100 90 90 90 90000
1F 1F 1F 112121212.5.5.5NNNN

40404040
FFmin

en A andndndnd BBBB :  min

22220 FFFF 20 1100000
F 111150505050NNNN

202000 30
20

FFFFmin30

90N A B CB CB CB Ca aaaa a 0000AAA BB CBaaaa aB CBB

112.5N A B CCC

F 9FFF 0000
a aa aaA BB 90909090CCCa aaaBB


